













Effect of RF-Phase Jitter on the Main-Beam
Emittance in CLIC
D. Schulte
CLIC-Note 432, April 2000
Abstract
A number of effects in the drive-beam accelerator may lead to a
phase shift of the drive beam with respect to the main beam. This
phase shift in turn leads to a variation of the beam energy which can
affect the emittance. Also a change of the RF amplitude results in a
variation of the emittance growth. Both cases are investigated in this
paper for a single bunch.
1 Introduction
The drive beam can jitter in longitudinal position relative to the main beam.
One reason is a possible phase jitter of the drive beam at production. The
relative size of this jitter is enhanced by the increase of frequency from the
drive-beam injector to the decelerator by a factor 32. Other possible reasons
are an error of the drive-beam bunch charge or the average gradient in the
drive-beam accelerator [1]. Both lead to an error in the final drive-beam
energy which is then transformed into a longitudinal shift by the bunch com-
pressors. Also small transverse jitters of the drive beam can be transformed
into longitudinal jitters by betatron motion. It is certainly also possible
that the main beam jitters longitudinally.
An error in the relative phase of drive beam and main beam leads to
variation of the average RF phase. In contrast to a linac powered by klystrons
the variations of the RF are not averaged out but can be coherent all along
the machine. At least within a decelerator the change is coherent in most

















Figure 1: The final energy distribution in the bunch. The particles at z < 0
are in the head of the bunch.
variation induced by the betatron movement within the decelerator increases
towards the end of each decelerator, so it is still systematic but not constant.
In the following it is assumed that the phase changes by the same amount
all along the accelerator and only single bunch effects are taken into account.
These should be more important than multi-bunch effects. However, there
the situation would be complicated by the beam loading effects.
For comparison also the effect of a variation of the average gradient is
investigated. It is however very likely that such a variation also leads to a
change of the phase, due to the bunch compression in the drive beam and
due to beam loading in the main beam.
2 Energy Spread Due to Phase Jitter
The variation of the phase changes the energy of the beam. The size of this























Figure 2: The dependence of final maximum and minimum beam energy on
the phase jitter for a main RF phase of Φ2 = 6
. For comparison also the
change in energy of the particles in the centre of the bunch is shown.
the average phase is about hΦi  12. In a short first part of the machine
however it is negative to reach the energy spread necessary for BNS damping
as fast as possible, then it is Φ2 = 6
 to keep the relative spread constant and
finally it is Φ3 = 30
 to reduce the spread to the acceptable ∆E/E  1 % [2].
Figure 2 shows the variation of the maximum and minimum beam energy
as a function of the phase difference. The maximum is the maximum in the
first half of the bunch, the minimum the one in the second half. The energy
acceptance of the final focus system will limit the allowed reduction of the
minimum energy and the increase of the maximum. For a variation of 0.1%,




















Figure 3: Example of the nominal bunch and one which saw a phase jitter
of ∆Φ = 0.5 at the end of the linac. The offset is normalised to σx. The
particles at z < 0 are closer to the interaction point.
3 Effect of Phase Jitter on the Emittance
The variation of the energy will change the emittance of the beam at the
exit of the linac. Here, only the single bunch emittance is considered which
should be mainly affected. First, the machine is corrected using the ballistic
correction method [3] and ten emittance tuning bumps. The beam is as-
sumed to be stable during correction and to have nominal parameters. The
emittance of the final beam is given by
 =
√
(hx2i − hxi2)(hx02i − hx0i2)− (hxx0i − hxihx0i)2
The following beam-delivery system should take the correlation hxx0i out.








Here, α is derived from a fit using the nominal beam.
Then a bunch is tracked assuming a variation of the RF phase. The
emittance is evaluated compared to the final position in phase space of the
nominal beam. In detail, the average position x0 and angle x
0
0 of the nominal
beam are subtracted from the beam position and the transfer matrix found
for the nominal beam is applied. The emittance is then evaluated as
 =
√
h(x− x0)2ih(x0 − x00)2i
because the remaining correlation cannot be taken out within the pulse. This
method neglects effects of the different energies in the final focus system, but
this can only be modelled with a specific design in mind.
For reasonable statistics one hundred cases were simulated using the pro-
gram PLACET[4]. Figure 3 shows the vertical position of nominal and test
bunch in one particular case.
The final emittance growth is shown in Fig. 4 as a function of the phase
difference between test beam and nominal beam. It shows the expected
symmetric behaviour for small variations with only small asymmetries. A
phase variation of 0.2 leads to an increase of the emittance growth of about
1 %, which is very acceptable.
For larger variations the curve becomes significantly less symmetric. This
may be due to the fact that a larger phase leads to a smaller energy spread
in the linac so it also affects the BNS damping. In contrast, a smaller phase
leads to a larger energy spread which does not compromise the BNS damping.
It is possible to chose a smaller RF phase in the main part of the linac.
This leads to a larger energy spread all along the machine which is compressed
to the same width at the end of the accelerator. As shown in the figure, this
leads to a reduced sensitivity of the emittance growth on the phase error.
However, the initial value is significantly larger. Only at very large phase
jitters would it therefore be advantageous to use a smaller phase.
4 Effect of Gradient Jitter on the Emittance
Also simple jitter of the amplitude of the RF can change the emittance. The
calculation is performed as before.
It is interesting to note that a change in gradient that leads to the same
energy difference as a given change in phase leads to a larger increase of the






















































































Figure 5: The dependence of the final emittance on the gradient error.
7
parts of the linac almost equally, while the phase variation has a larger effect
towards the end where the compensating phase is larger but is smaller in the
first part.
The dependence of the emittance on the nominal RF phase in the main
part of the linac is the same as for the phase error. The smaller the phase
the smaller the sensitivity to gradient changes but the larger the emittance
growth at nominal conditions.
5 Conclusion
The effect of a jitter of the relative phase of main beam and drive beam
has been investigated for CLIC. The error of final beam energy is about
proportional to ∆E/E  4 10−3 per degree of phase. The emittance growth
is doubled compared to the nominal beam at a phase error of about 1.
However, the resulting energy error is unacceptably large. A phase variation
of ∆Φ  0.2 leads to a probably acceptable energy variation of ∆E/E 
10−3. In this case the additional emittance growth is very small ∆y/y 
1 %. One can thus conclude that limits on the jitter of the relative phase of
drive beam and main beam are mainly due to the acceptable variations of
the main-beam energy rather than the resulting emittance growth.
Still, the resulting tolerance for the drive-beam phase seems tight. It
is however not tighter than the phase tolerance for the main beam. The
tolerance for the latter is largely independent of the RF-power source used
and would not change if one could use klystrons.
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